An extract of the aerial parts of Ajuga nipponensis Makino was examined by HPLC for neo-clerodane diterpenes. The suitability of reversed-phase HPLC for the semi-preparative fractionation of this extract was explored, resulting in the isolation of two new neo-clerodane diterpenes, which we have named ajuganipponin A, (12S)-1β,6α,19-triacetoxy-4α,18-epoxy-12tigloyl-neo-clerod-13-en-15,16-olide (AJNP A, 1), and ajuganipponin B, (12S)-6α,19-diacetoxy-4α,18-epoxy-12-tigloyl-neoclerod-13-en-15,16-olide (AJNP B, 6). In addition, ajugamarins A2 and F4, ajugamacrin B, ajugacumbin A and ajugatakasin A, were newly isolated compounds from A. nipponensis, along with the previously reported ajugamarins A1, B2 and L2 (ajugacumbin B). The structures of all the isolated compounds were unambiguously elucidated based on extensive NMR spectral studies (one and two-dimensional experiments) and their reversed-phase chromatographic behavior was established. The antifeedant activity of the isolated diterpenes against Spodoptera littoralis is also reported here.
rapid isolation and identification of neo-clerodane diterpenes [11] .
Analytical and semipreparative HPLC chromatographic profiles showing well resolved peaks were obtained for the neo-clerodane diterpene-containing fractions 60F, 60E and 80E, and are shown in Figure 1 . Semipreparative HPLC afforded the corresponding pure compounds and their structures were assigned on the basis of extensive 1D and 2D NMR spectral studies. The C-12 absolute stereochemistry was not ascertained but assumed on biogenetic grounds to be 12S as for all isolated diterpenes from Ajuga species [2, [4] [5] [6] [7] [8] [12] [13] [14] [15] [16] [17] . The two major polar compounds, 1 and 3, were first isolated from fraction 60F using system 2 conditions. The structure of AJM A2 was established for 3 (3.1 mg), based on the identical NMR spectral data to those reported [7] . It was later obtained in higher amount (15.1 mg) from fraction 60E processed using system 3 conditions. AJM A2 is a newly isolated compound from A. nipponensis but was reported already from A. decumbens.
The MS spectrum of compound 1, a white amorphous solid (2.6 mg from 60F and 6.7 mg from 60E), showed a peak at m/z 591.4 [M+1] + for a molecular formula C 31 H 42 O 11 . All of the described signals for 3 were also observed in the 1 H NMR spectrum of 1 with only small shift differences in a few instances [δ 5.50 (1H, apparent td (= ddd) , J = 11.0, 4.7 Hz, H-1), 4.64 (1H, dd, J = 12.5, 4.0 Hz, H-6), 5.98 (1H, br d, J = 9.5 Hz, H-12), 5.95 (1H, br m, H-14)] ( Table 1) . A three bond correlation between H-12 (δ 5.98) and C-1' (δ 166.4) in the HMBC spectrum of 1, pointed out the change of tigloyl/acetyl substitution between C-1/C-12 compared to those of 3. Therefore, structure 1 was established for the new diterpene ajuganipponin A. The tigloyl geometry was supported by the observed characteristic chemical shift of Me signals in the 13 C NMR spectrum [7] ). e These signals were conversely reported in [7] ). * Reported in [7] as 5.67 possibly due to a typing error.
[ca δ 14.7 (C-4') and 12.1 (C-5'), which for the angeloyl moiety would be expected at ca. δ 16 (C-4') and 20 (C-5')] [18] .
Ajugamarin A1, 2 (2.0 mg) was isolated as a minor compound by PTLC from intermediate fractions [4, 5, 8] . Ajugamacrin B, 4 [12] , also a newly isolated compound from A. nipponensis, was obtained after PTLC re-purification of 60E fractions collected from min 36 to 38. Compound 5 (14.1 mg) was the main component of fractions collected from min 38 to 40 and was identified as ajugamarin B2 [8] .
Compound 6 (7.1 mg) was isolated as a white amorphous solid from fractions collected in the range 40 to 42 min. The molecular ion at m/z 532.4 in the MS spectrum, along with the 13 C NMR data (Table  1) , were in agreement with the molecular formula C 29 H 40 O 9 . The 1 H NMR spectrum of 6 was closely related to that of 1, except for the lack of one acetoxy signal, suggesting that ajuganipponin B, 6, was the 1deacetoxyderivative of 1. This result was further supported by correlations found in the 1 H NMR 2D COSY, HSQC and HMBC spectra.
Compound 7, the last major compound isolated from fraction 60E (6.9 mg, collected from min 45 to 48; and 5.7 mg from fraction 80E) was identified as ajugacumbin B [10] . Compounds 8-10 present in fraction 80E, were collected around min 50, 62 and 80 respectively, and, although newly isolated compounds from A. nipponensis, they have been previously found as components of A. decumbens (8, ajugamarin F4 [7] ; 9, ajugatakasin A [4] ; and 10, ajugacumbin A [9] ).
The HPLC retention times for all isolated compounds are collected in was obtained with a correlation coefficient of 0.998. The antifeedant activity of the isolated neo-clerodane diterpenes against Spodoptera littoralis was tested and the FR 50 values are reported in Table 3 . 
Extraction and isolation of neo-clerodane diterpenes:
Finely powdered plant material (150 g) was extracted with dichloromethane (500 mL) for 1 week in constant darkness. After filtration and solvent removal, the residue (3.05 g) was digested/centrifuged (3000 rpm; 10 min) sequentially in water:methanol (2:3, 2 x 50 mL; 1:9, 1 x 50 mL) during 30 min sonication. The pooled 60% methanolic solutions were filtered on a 10 g C-18 column. The first 40 mL coming from filtration were discarded and the next 60 mL were reprocessed later to reduce the presence of polar compounds (fraction 60F Standard curve: Ajugamarin A2 used for standard curve development was purified from A. nipponensis extracts as described below and authenticated by NMR spectroscopy. A standard curve for 3 was produced using a 1.00 mg/mL solution in methanol (prepared from 10.0 mg/10 mL). A range of weights of 3 were chromatographed by varying the injection volume (20, 15, 10, 5, 1, 0.5 µg). Three injections per volume were made on a C-18 column with UV (210 nm) detection and isocratic elution with water:methanol (40:60).
Antifeedant activity bioassay:
A binary choice feeding bioassay using leaf disk of lettuce, Lactuca sativa, with an area of 1 cm 2 was used to evaluate the activity of the compounds against fifth instar larvae of Spodoptera littoralis [20] . Compounds to be tested were uniformly distributed on the upper surface of the disk by application of 10 μL acetone solutions (treated disks: TD). Control disks (CD) were analogously treated with 10 μL acetone. In each replicate, four treated and four control disks were alternatively placed in a covered polyethylene Petri dish (8.5 cm diameter) in the presence of five larvae. Experiments were performed under the same temperature and humidity conditions of the laboratory culture, but in constant darkness.
